ABSTRACT
Introduction
In the field of plastic surgery, the skin flaps have fundamental importance in reconstructive procedures and new methods have been developed to minimize ischemic effects of the skin flap in postoperative period 1 . According to Kerrigan 1 local arterial insufficiency, in contrast to the extrinsic factors plurality, is the only intrinsic factor responsible for the unwished tissue necrosis. Searching for a solution for the inadequate blood flow, many studies using pharmacological 2, 3 and non-pharmacological 4, 5, 6, 7 resources have been developed. In pharmacological way there are many vasoactive substances that may cause deleterious effects when systematically administrated. However, Abranson 8 showed the possibility of topical use of some vasoactive agents as histamine, without undesirable effects of systemic application. Histamine has as primordial action vasodilation mediated by H1 and H2 receptors, distributed in vessels that produce vasodilation with simultaneous activation.
Among non-pharmacological resources low-frequency electric currents have been used. These currents have as vascular effects the inhibition of the sympathetic vasoconstrictor fibers and the release of some vasodilating neuropeptides, such as substance P (SP) and calcitonin gene-related peptide (CGRP), which are found in free nerve endings of A-delta and C fibers, and would be released by antidromic depolarization (axon reflex) 5, 9, 10 . Iontophoresis can be defined as the introduction of ions into the skin by means of electricity, being the direct current the most frequently utilized. It is a non-invasive method and has as advantage the localized action of the introduced substance without systemic side effects 2, 5, 11 . Analyzing the pharmacological and non-pharmacological resources with the aim of increasing blood flow in ischemic skin flaps, there are common vasoactive effects between the electrical currents and histamine. These evidences suggest the opportunity to integrate both effects through the iontophoresis 2, 9 . Based on these findings, the aim of this study was to evaluate the effects of histamine iontophoresis on the viability of random skin flap in rats.
Methods
Sixty adult male Wistar rats (Rattus norvegicus) weighing 290 to 380 g were used in this study. There was no statistically significant difference in weight among these animals. The animals were housed in individual cages with controlled temperature environment (between 23° and 25°C), on a 12:12 hour light-dark cycle (lights on at 7:00 am), and fed standard rat chow and water ad libitum. This research was approved by the Research Ethics Committee (CEP) at the UNIP, São Paulo, Brazil.
All animals were anesthetized with tiletamine hydrochloride and zolazepam hydrochloride (50 mg/kg, intraperitoneally) during surgery and treatments. Following anesthesia, all rats were placed on a flat surface with legs extended and their backs were shaved. The cranially based dorsal random skin flap, measuring 10x4 cm, following experimental model proposed by Mcfarlane, DeYoung, Henry 13 was raised from the deep fascia, including the superficial fascia, panniculus carnosus, subcutaneous tissue, and skin. After flap elevation, a plastic barrier (polyester/polyethylene), with the same dimensions (10x4 cm) was placed between the skin flap and its bed. The flap was then sutured back in place with simple 4-0 nylon sutures.
After the surgical procedure, the rats (n=60) were randomized into four groups (n=15 each group) and kept anesthetized for 20 minutes. All animals had electrodes (3x5 cm) placed on the base of the flap (anode) and on the abdominal region (cathode) and received the assigned treatment, as follows: G1 (control) -sham electrical stimulation, G2 (electrical stimulation) -received direct current electrical stimulation, G3 (histamine) -received sham electrical stimulation and topical application of 3 ml of histamine (0.01%) under anode electrode and G4 (histamine iontophoresis) -received direct current stimulation with histamine (3ml, 0.01%) under the anode electrode. Between the cathode electrode and the animal´s skin, a gauze wetted by 3ml of a saline solution (0.9%) was used. In groups 1 and 2 the gauze containing the saline solution was also placed under the anode electrode. In groups 3 and 4, the 3ml of histamine solution (0.01%) was uniformly applied to a gauze that was interposed between electrode and the animal´s skin. In all groups the procedures were performed immediately after the surgery and on the two subsequent days.
In the animals submitted to the electrical stimulation (G2 and G4) the current amplitude was set at 4mA and the application time was of 20 minutes, resulting in a total 80mAmin dose.
The direct current generator used in this experiment was the EGF ® (Carci, São Paulo, Brazil). The percentage of skin flap necrosis was measured on the seventh postoperative day, using the paper template method described by Sasaki and Pang 14 . The viable tissue limit has been characterized by soft skin, pink, warm and haired, and necrotic tissue by stiff, dark cool, and hairless skin, was demarcated on the rats.
Data were analyzed blind using GraphPad Instat ® version 3.05 (GraphPad Software, Inc). Preliminary tests for normal distribution were carried out (Kolmogorov and Smirnov) and subsequent one-way analysis of variance (ANOVA), followed by post hoc Tukey-Kramer multiple comparisons test were performed. The significance level was fixed at 0.05 (p < 0.05). Data are presented as mean ± standard deviation (SD).
Results
The mean ± SD of the percentage of flap necrosis area was as follows: G1 (control) 47.87 ± 9.13%, G2 (electrical stimulation) 51.49 ± 8.19%, G3 (histamine) 46.33 ± 8.32% and G4 (histamine iontophoresis) 30.82 ± 11.25%. The smallest necrotic area was observed in G4 that received histamine iontophoresis. The statistical analysis presented significant difference when comparing G4 to other groups (p<0.001). There were no statistically significant differences comparing other groups (G1xG2, G1xG3 and G2xG3) (p>0.05), as shown in Figure 1 .
Discussion
Decreasing tissue necrosis after reconstructive plastic surgery is an emerging study field for different health care researchers.
Comparative studies between vasoactive agents that are systemically applied were carried out by many authors, like Suarez Nieto et al. 3 and Finseth 15 that evaluated the effects of different vasoactive drugs on the survival of skin flaps in rats, showing a significant improvement in all groups when compared to the control group. However the study of Toomey et al. 16 didn't present the same results, demonstrating the necessity of more researches with vasoactives drugs such histamine.
Electrophysical agents have been also investigated and among them transcutaneous electrical stimulation has being studied as a possible method to improve the viability of ischemic skin flaps 4, 7, [17] [18] [19] [20] . Although histamine iontophoresis have been researched before by other authors 8, 21 it wasn´t found studies addressing the effects of this procedure for increasing skin flap viability.
The presented study has investigated the efficacy of topic administration of histamine by iontophoresis on the skin flap viability, presenting significant improvement when compared to control group and other groups. These results show that only the direct current with the anode electrode over the flap or the application of histamine directly on the skin without direct current application were not effective.
Similar studies have been performed with the vasoactive drugs applied by iontophoresis and they also have shown decreased of skin flap necrosis in rats, according with the results found in this work. Prostaglandin E1 has been used by Asai et al. 2 under the negatively charged electrode (cathode) and it has proved to improve the viability of the skin flap, as well the CGRP applied under the anode electrode by Esteves Júnior et al.
.
The administration of hydralazine chloridrate by iontophoresis was also researched 12 but it has not shown satisfactory results on the viability of skin flaps, unlike the results found with histamine administration in this study.
The parameters of iontophoresis used in the present study (4mA for 20 minutes) were based on other published works 2, 5 . When these parameters of direct current were used without the histamine association (G2) it wasn´t observed any beneficial effect on skin flap viability confirming the results of Branco et al. 6 that did not observe any reduction of necrosis in the group submitted to the application of direct current with the anode electrode applied to skin flap.
Moreover, the used dose (80mAmin) is within the range recommended by literature (20 to 100mAmin) 11 and, according to the Food and Drug Administration (FDA), this should be the maximum correlation between amplitude and time for iontophoresis applications 11 . Thus, it can be observed that iontophoresis is a noninvasive physical method and when performed with vasoactive drugs as histamine reduces the skin flap necrosis in rats. Future comparative studies using different pharmacological agents and also various doses of iontophoresis are required for knowing new ways to prevent the tissue necrosis in skin flaps, improving this procedure.
Conclusion
The topical administration of the histamine by iontophoresis was effective to increase the viability of the random skin flaps in rats.
FIGURE 1 -Means ± SD percentage of necrosis in studied groups. There were statistically significant differences between G4 (histamine iontophoresis) and other groups (p<0.001 ANOVA -Tukey-Kramer)
